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Abstract 
The Northern Pinnacle Reef Trend presents a regionally significant potential carbon dioxide utilization and storage resource. Two 
static earth models of a pinnacle reef were developed to evaluate the effect of increasing geologic detail on the reservoir model 
accuracy. The relatively simple lithostratigraphic model defines the geology on the basis of lithostratigraphy. An alternative 
conceptualization is based on sequence-stratigraphic constrained lithofacies and requires greater effort and geologic insight. The 
sequence-stratigraphic approach allows a closer approximation to porosity and permeability distributions observed in cored reefs 
and this approach will allow more realistic flow unit definition in these complex reefs. 
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1. Introduction 
The Midwest Regional Carbon Sequestration Partnership (MRCSP) is conducting its Phase III (commercial-
scale) carbon dioxide (CO2) injection test in conjunction with enhanced oil recovery (EOR) in a series of Silurian-
age (Niagaran) pinnacle reefs in northern Michigan, where CO2 for large-scale EOR injection is available from 
 
 
* Corresponding author. Tel.: +1-614-424-3040; fax: +1-614-458-3040. 
E-mail address: millerjf@battelle.org 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
3686   John Miller et al. /  Energy Procedia  63 ( 2014 )  3685 – 3701 
Antrim-shale gas processing plants. Some of this CO2 is already being utilized for oil production from pinnacle reefs 
in the northern part of the Michigan Lower Peninsula. Approximately 800 reefs have been mapped and drilled in the 
Northern Pinnacle Reef Trend (NPRT), and Silurian through Cambrian carbonates form additional potential CO2 
storage targets in much of the MRCSP region. The static earth models (SEMs) developed in this study will be 
extended for future reservoir characterization and modeling of these numerous CO2 sequestration targets. 
 
Testing is being carried out across carbonate oil-bearing reefs in different stages of the oil production life cycle, 
including one highly depleted or late-stage reef near end of its production life, six active CO2-EOR reefs, and new 
CO2 flood in reef(s) that have seen only primary recovery. Two SEMs were constructed for the Phase III late-stage 
reef (Phase III reef) in order to compare the effect of increased geologic detail on the distribution of reservoir 
properties and on dynamic reservoir simulations. The lithostratigraphic model (LSEM) defines the three-
dimensional (3-D) geologic framework on the basis of lithostratigraphic units, whereas the sequence-stratigraphic 
model (SSEM) provides an alternative 3-D conceptualization for distributing reservoir properties based on sequence 
stratigraphy and lithofacies (characteristics of a rock unit, including rock composition, texture, biotic component, 
and sedimentary structures).  
2. Geologic Overview 
The Phase III reef is a Lower Silurian pinnacle reef in Northern Michigan (Fig. 1). The reef is part of the NPRT 
of the Michigan Basin. Reefs along the NPRT developed in a shallow shelf carbonate depositional system that 
extended over the Lower Peninsula of Michigan, northern Indiana, northeastern Illinois, eastern Wisconsin, 
northwestern Ohio, and the Bruce Peninsula of Ontario [1,2,3]. These reefs occur at subsurface depths from 900 to 
2,100 meters. They are closely spaced and can be amalgamated, ranging in size from 12 to 344 hectares, with net 
pay of 9 to 120 meters and with steep flanks (30° to 45°) [4]. 
 
Currently, approximately 800 fields in the NPRT have undergone primary production and, in some cases, 
secondary recovery [3,5,6]. The reservoir rocks include various proportions of dolomite and limestone; some reefs 
are completely dolomitized, while others are essentially all limestone. Dolomitization of reefs increases towards the 
basin edge and evaporite plugging of reservoir porosity increases southward [4]. 
 
The reefs developed in the upper portion of the Niagara Group (Fig. 2). The reef facies are referred to as the 
Brown Niagara, the subsurface equivalent to the Guelph Dolomite [7,8]. The underlying Gray Niagara and White 
Niagara are the subsurface equivalent of the Lockport Dolomite. The Brown Niagara is overlain and encased by 
cyclic carbonates and evaporites of the Salina Group. Porosity values of NPRT reefs average 3% to 12%, with the 
best porosity and permeability associated with dolomitized reef core and flank facies. The most productive reefs are 
characterized by well-developed intercrystalline and vuggy porosity.  
 
The Phase III reef has undergone extensive primary and secondary oil recovery. The field was discovered in 1974 
by Shell Oil, and was later converted to a CO2 flood in 1996 [3] (Fig. 3). The reef interval extends from 1,645 to 
1,737 meters, with a maximum reef height of 85 meters and a total areal extent of 24 hectares. Porosity values 
extend to 24%, but typically range from 3% to 11% with an average of 4% (dolomite-corrected neutron porosity). 
 
The Brown Niagara and A-1 Carbonate are the producing formations of this field. The A-1 anhydrite and the 
“rabbit ears” anhydrite of the A-1 Carbonate form seals on the reef flanks; the A-2 evaporite forms the top seal (see 
Fig. 2). The Brown Niagara consists of skeletal wackestones, packstones, grainstones, and boundstones/bindstones 
associated with the reef buildups, and the associated off-reef carbonate detrital/conglomerate lithofacies below the 
A-0 Carbonate [9]. The underlying Gray Niagara and White Niagara form the base of the reservoir and are 
characterized by crinoidal wackestones [14]. The A-1 Carbonate over the reefs consists of light brown to tan 
mudstone and microbial laminated boundstones, which may display truncation surfaces and rip-up clasts [9,15,16]. 
Laminated, dolomitic mudstones occur in inter-reef deposits [15]. The A-1 carbonates generally seal the flanks of 
reefs but can locally develop reservoir zones on crests and flanks. Rapid changes in the composition of the 
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evaporites surrounding the reef flanks make the acquisition of a full suite of density and acoustic logs critical in 
understanding reservoir porosity, seal integrity, and seismic response. 
 
 
Fig. 1. Location of the Phase III reef and regional analog wells in Michigan pinnacle reef trend. 
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Fig. 2. Generalized lithostratigraphic column showing the vertical and lateral succession of Silurian formations in the Michigan Basin. 
Nomenclature and paleogeography based on previous stratigraphy [7,9,10-13]. 
 John Miller et al. /  Energy Procedia  63 ( 2014 )  3685 – 3701 3689
 
Fig. 3. Areal extent of the Phase III reef and locations of wells used to construct the LSEM and SSEM. 
3. Lithostratigraphic static earth model (LSEM) 
The LSEM is constructed from well logs, formation tops, and 3-D seismic data. The model consists of two 
lithostratigraphic zones: the A-1 Carbonate, and the Brown Niagara (Fig. 4-A). The modeling workflow consisted of 
a seven-step process: 1) collect and analyze well logs and derive porosity logs for wells drilled in and surrounding 
the reef, 2) interpret horizons on the depth migrated 3-D seismic volume, 3) build 2-D surface grids for each 
lithostratigraphic horizon using well log and seismic interpretation, 4) construct a 3-D structural framework grid, 
5) construct a porosity property model, 6) upscale the porosity model, and 7) calculate a permeability model using a 
porosity-to-permeability transform from an analog cored well.  
 
The initial suites of logs run in the discovery wells consist of caliper, gamma ray, neutron porosity, sonic (DT), 
and resistivity (dual laterologs). As new wells were drilled in the 1980s, bulk density and photoelectric (PE) tools 
were added to better define lithologic details of the reef flanks and to better characterize evaporite deposits and 
porosity occlusion due to salt plugging.  
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Neutron porosity curves were used to estimate formation porosity in the wells. The original neutron logs were a 
combination of sidewall neutron porosity (SNP) and compensated neutron porosity (CNP) run on a limestone 
matrix. The dolomitic nature of the Phase III reef, as described in drill cutting samples and determined from cross-
plot mineralogy logs, leads to an overestimation of porosity as measured in the original SNP and CNP logs. To 
correct for a dolomite matrix, Schlumberger correction charts [17] were used as the basis of a shift of -2.5% for all 
SNP and -6.0% for all CNP logs. The anhydrite or mixed lithology portions of the logs that indicated porosity below 
0% were clipped at zero to remove negative porosity numbers. Log-derived porosity values for the Phase III reef 
wells were statistically compared with laboratory-analyzed whole-core porosity data from other Niagaran reefs in 
the region (Fig. 5). Porosity values in the cored well State Kalkaska 28676 is most similar to the Phase III injector 
well. 
  
A 6.71-square-km 3-D seismic survey, acquired over the Phase III reef in 1997 in conjunction with the initial 
EOR effort, helped to constrain the reef margin. The original time-domain migrated 3-D data volume and velocity 
field provided to Battelle by Core Energy, LLC, was converted from travel time-to-depth domain by Sterling 
Seismic Services. The depth-converted 3-D data were then used to pick the key horizons: the A-2 Carbonate, A-1 
Carbonate, and the Brown Niagara where possible. The Gray Niagara surface was picked but was not used in the 
final model construction due to “pull-up” in the surface created from the velocity anomaly associated with reef. 
 
Two-dimensional (2-D) surfaces were constructed for the A-1 Carbonate and Brown Niagara by integrating the 
seismic horizons and well log picks. The Gray Niagara surface was created from the regional geologic structure map 
and tied to the four well logs that penetrate the top of the Gray Niagara below the Phase III reef. 
 
The LSEM grid was constructed with an X-Y resolution of 10 meters. The 46-meter-thick A-1 Carbonate zone 
was layered proportionally into 15 layers built from the bottom of the zone (Fig. 4-A). The Brown Niagara zone 
layering was built from the base with a constant layer thickness of 3 meters and layers truncating at the top of the 
zone. The layering scheme was used to build a model that highlights the vertical growth of the reef and subsequent 
in-filling of inter-reef areas and capping of the reefs during A-1 Carbonate deposition. 
 
Variogram modeling was independently applied to the porosity data for both zones. The major lateral search 
direction is north-south, and the minor lateral direction is east-west based on general reef orientation (see Fig. 3). 
Computation results from the data analysis (Table 1) show that the A-1 Carbonate zone data have in general a longer 
correlation distance than the Brown Niagara zone internal reef core.  
 
The kriging geostatistical method was used to interpolate the distribution of porosity in the LSEM grid (Fig. 6). 
The final LSEM had 608,608 total grid cells. To coarsen the LSEM for dynamic modeling, the LSEM was upscaled 
from 10 to 30 meters cells, with no change in the vertical dimension. This resulted in a LSEM with 39,100 total grid 
cells (Fig. 7). 
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Fig. 4. Comparison of LSEM layering (A) to SSEM layering (B) in west-to-east sections from the Phase III reef. 
A 
B 
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Fig. 5. Porosity distributions for analog cored wells that have permeability data and the log data of the injector well in Phase III reef (light 
orange). The St. Clair County southern reef wells Dietlin #2 (25022) and Beier et al. #1 (25779) (see Fig. 1) were used in the study to capture reef 
lithofacies that are rare or not present in the Kalkaska 1-22 (28676) and Miller Fox 1-11 (33500). None of these wells captures the reef flank 
facies.  
Table 1. Variogram modeling data. 
Zone Type Nugget Sill 
Range Direction 
Major Minor Vertical 
A-1 Carbonate Spherical 0 0.9975 330 221 38.8 
Brown Niagara Spherical 0 0.9966 94.9 37.8 25.2 
 
 
 
 
Fig. 6. LSEM porosity looking at the southwest intersection of the I and J planes. Grid cell dimensions are 10 x 10 meters. 
3350029565286762577925022
30
25
20
15
10
5
0
Well
Po
ro
si
ty
3.7
54.7
6.9
10.55
Boxplot of Porosity
Phase III Injector 
 John Miller et al. /  Energy Procedia  63 ( 2014 )  3685 – 3701 3693
 
Fig. 7. LSEM upscaled porosity looking at the southwest intersection of the I and J planes. Grid cell dimensions are 30 x 30 meters. 
The LSEM permeability was derived from the log data, using a single transform (Eq. 1) from a statistical 
regression of the core-derived porosity and permeability data from the analog well State Kalkaska #28676 (Fig. 8) 
and applied to the porosity LSEM (Fig. 9).  
Log( k ) = -0.0432+0.1283(100*ɸ)  (1) 
where: k = permeability and ɸ = porosity (decimal). 
 
 
 
 
Fig. 8. State Kalkaska #28676 core-derived porosity-permeability crossplot and transform. 
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Fig. 9. LSEM permeability model calculated from the upscaled porosity grid. Grid cell dimensions of the model are 30 x 30 meters. 
4. Sequence Stratigraphic Static Earth Model (SSEM) 
The modeling workflow for the SSEM consisted of an eight-step process: 1) create mineralogy logs for the reef 
wells with log crossplots and Schlumberger elemental analysis (Elan) processing for wells with full suites of logs; 
2) correlate previously defined sequences and lithofacies from cored reefs to the Phase III reef; 3) build 2-D surface 
grids for each sequence horizon; 4) construct a 3-D structural framework grid; 5) construct a lithofacies model from 
the lithofacies log interpretation and variogram analysis; 6) construct a porosity property model by conditioning 
porosity to the lithofacies; 7) upscale the porosity model; and 8) calculate a permeability model using porosity-to-
permeability transforms for individual lithofacies groups. 
 
Neutron porosity was cross-plotted versus the bulk density or the sonic travel time log to create limestone and 
dolomite distinctions that could then be further subdivided by the presence of low-density salts and high-density 
anhydrites. The majority of values in the Phase III reef are in the dolomite range with minor portions of limestone, 
anhydrite, and salt. Mineralogy flag logs were created for the wells (Fig. 10). These logs were used extensively to 
identify thin anhydrite and mixed mineralogy zones. In addition to the cross-plot mineralogy logs, computer-
generated lithology logs were generated for a limited number of wells and were used to further define lithology 
changes.  
 
The SSEM uses a sequence stratigraphic framework to constrain the distribution of log-interpreted lithofacies and 
their associated petrophysical properties. Sequence stratigraphy is a method of grouping rock strata based on their 
depositional relationships. Rock units that lie between unconformities are assumed to be more closely related than 
units that are separated by unconformities. Sequence stratigraphic subdivisions are hierarchical; in this study, we are 
concerned with 1) third-order sequences that are separated on the reef tops by unconformities and 2) fourth-order 
sequences, which in core show vertical progressive changes in depositional environment, separated by noticeable 
(but not profound) shifts in depositional environment. These fourth-order packages of rock are linked to each other 
as parts of a vertical and horizontal depositional package. Both third- and fourth-order sequences commonly have 
wireline log expression. Smaller fifth-order sequences can commonly be identified in core as meter-scale upward 
shallowing cycles, but the development of these sedimentary packages depends on local topographic relief and 
generally cannot be correlated between wells, even where core exists.  
 
The application of sequence stratigraphy to predict lateral and vertical development of porosity and seals for 
carbonate reservoirs is relatively mature [18], and it is the lateral and vertical prediction of rock types and their 
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associated porosity and permeability development that potentially contributes to the construction of more robust 3-D 
reservoir models.  
 
A sequence stratigraphic approach is only possible because there is an abundance of core and core-based studies 
from other Michigan Niagaran reefs that demonstrate three findings. First, Niagaran reef-associated organisms 
changed dramatically as the reefs initiated, flourished, and were eventually killed off by basin-wide changes in 
salinity and connection to the open ocean outside the Michigan Basin. Second, the depositional environment and the 
shape, size, and mineral composition of the reef organisms have a large influence on the resulting porosity and 
permeability of the reef rock. Third, within a given stratigraphic interval, wireline logs and computer-generated 
lithology logs exhibit signatures that can be used to reduce the number of possible rock types.  
 
The challenge of any study that does not include reef-specific core and rock data is that reefal carbonates are 
particularly susceptible to diagenetic changes that create, enhance, or destroy original porosity and permeability. 
The range of diagenetic change is partially constrained in the northern reefs by the location of individual wells 
relative to reefal buildups and by stratigraphic position.  
 
Examination of whole core from key wells (see Fig. 1) and analysis of the associated core-porosity and 
permeability data allowed us to evaluate three unconformity-bounded stratigraphic packages [9,15,19] and core-
based sequence stratigraphic frameworks [16,20,21]. Our synthesis of that work forms the basis for the 
interpretation of third- and fourth-order sequences at the Phase III reef, and a basis for interpreting the relation 
between common lithofacies and their wireline expressions.  
 
  Salt 
  Anhydrite 
  Mixed Anhydrite / Limestone / Dolomite 
  Low-Porosity Limestone 
  High-Porosity Limestone 
  Low-Porosity Limey Dolomite 
  High-Porosity Limey Dolomite 
  Low-Porosity Dolomite 
  High-Porosity Dolomite 
  Maximum-Porosity Dolomite 
Fig. 10. Mineralogy flag logs generated from bulk density (RHOB) or sonic (DT) vs. neutron porosity cross-plot. 
3696   John Miller et al. /  Energy Procedia  63 ( 2014 )  3685 – 3701 
 
Our interpretation of the third-order sequences at the State Kalkaska 1-22 reef (studied by both Huh [9] and Ritter 
[16]) is shown in Fig. 11. Wireline correlation of the Kalkaska off-reef wells to the off-reef Phase III reef wells is 
straightforward, and stratigraphic packages are apparent, even at the fourth-order level. Lithofacies are relatively 
limited in cored off-reef wells and have strong wireline expressions; similar stratigraphic position and wireline log 
signatures strongly suggest similar lithofacies occurrence in Phase III off-reef wells. Cross-plot mineralogy logs and 
computer-generated Elan logs were invaluable in correlating third- and fourth-order sequences from off-reef into 
reef flank wells. Picks for fourth-order sequences become less confident with increase in reef-derived material. The 
single vertical reef-center well was the most difficult well to interpret; here we relied on the examination of 
stratigraphic breaks in the closest cored reef well, the State Charlton 1-4, previously studied by Noack [20]. The 
wireline signatures associated with third-order stratigraphic breaks and fourth-order depositional packages were then 
correlated to the center well at the Phase III reef. Although third-order sequence correlations can be made with 
confidence, fourth-order correlations in reef-center wells are less clear-cut, probably because of natural variation in 
reef biota, local sediment accumulation, and sample size represented by boreholes. An in-depth comparison of Phase 
III reef log signatures and wireline data with sequence and lithofacies-constrained, core-based porosity and 
permeability data for the wells shown in Fig. 1 allowed assignment of 15 upscaled lithofacies (Fig. 12), equivalent 
to electrofacies in the sense of Serra and Abbott [22]. Analog lithofacies properties were then assigned to each well 
log, which provided petrophysical data for populating the stratigraphic framework (Fig. 13). 
 
The surface and grid construction steps for the SSEM were essentially the same as those defined in the LSEM 
model. The only variation is that the three sequence boundaries and the Gray Niagara were used to create three 
zones (see Fig. 4-B). The SSEM has a more gradual transition off the reef flank compared to the LSEM (see Fig. 4).  
 
The SSEM lithofacies models were constructed using indicator kriging for the three zones, using variograms for 
each lithofacies. The variogram analysis was iterative; several models were generated and reviewed to ensure that 
the geologic progression upward in the sequences was maintained. The final SSEM lithofacies model (Fig. 14) 
preserves detail such as the “rabbit ears” anhydrite and A-1 Anhydrite lapping onto the reef flanks. A relationship 
that also stands out is the Sequence 2 lithofacies 4A Capping Grainstones “spilling” off the eastern side reef (Fig. 
14). This has further implications in the property models because porosity is shown in the lower flanks of the reef, 
wedged between anhydrites above and below.  
 
The SSEM porosity was created by conditioning the corrected porosity logs to the lithofacies model using the 
same variograms developed for the lithofacies model. As with the LSEM porosity, kriging was used to calculate a 
porosity value for each cell in the 3-D grid. The SSEM porosity (Fig. 15) shows a more complex relationship along 
the flanks of the reef between reservoir and seals than the LSEM (Fig. 7 and Fig. 15). Individual lithofacies 
transforms and geometric distributions provide alternative options for sensitivity analysis after the dynamic models 
are run to see which lithofacies are potentially most critical to reservoir performance.  
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Fig. 11. Interpretation of the sequence stratigraphy of the State Kalkaska 1-22 reef, overlain on a diagrammatic 2-D lithofacies cross-section 
modified from Huh [9]. Corresponding lithostratigraphy is along the left side of the figure.  
 
 
Fig. 12. Upscaled sequence-restricted lithofacies. Descriptions of lithofacies from cored analog reefs were grouped and assigned to this 
classification. The names of the lithofacies, when applied to the Phase III reef wells, are similar to “electrofacies” and represent the most likely 
rock fabric and biota, based on stratigraphic position, wireline signature, and correlative core from analog wells.  
Sequence Lithofacies Description
7A Nodular anhydrite
6Ca Anhydritic pelletal algal or stromatolite boundstone
6C Algal pelletal dolowackestone
6B Off-reef: algal boundstone  below A1 Evap. 
6Cb Off-reef laminated mudstone. Overlies A1 Evap. 
6Cc Off-reef fine micritic mudstone
7A Nodular anhydrite
4B Wackestone and packstone-  Poro > 15
4A Packstone and grainstone. Poro > 7% 
4 Packstones and grainstone. Poro < 7% 
8B Reef flank conglomerate. 
3C Skeletal  wackestone. Poro < 7% 
3D Skeletal wackestones and packstone. Poro > 7%  
2 Muddy Bioherm. Wackestone  and mud-rich packstone
1 Deep platform carbonate mudstone to wackestone 
3
2
1
Lithofacies Number
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Fig. 13. Lithofacies logs for Phase III reef. See Fig. 12 for lithofacies colors. 
 
 
Fig. 14. SSEM lithofacies for the Phase III reef. View to the northwest. 
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Fig. 15. SSEM porosity. Grid cell dimensions are 30 x 30 meters. 
Porosity and permeability cross-plots of various well and lithofacies groupings were used to select final 
subdivisions to transform porosity to permeability in the Phase III reef SSEM. The individual lithofacies were 
grouped due to limited permeability data on the individual lithofacies. For the reef framework (lithofacies group 3), 
a porosity-permeability transform was used that is based on data from a single well because each well has a distinct 
diagenetic overprint that produces a large amount of scatter. Well 28676 in the State Kalkaska reef is considered to 
be the most representative of the Phase III reef (Fig. 5) and therefore was used to define the transform for group 3, 
the Sequence 1 reef framework. For the other lithofacies groups, porosity-permeability transforms based on 
combined data from all five analog wells were used (Table 2). The transform used for group 7, which is anhydrite, 
does not have permeability values from core; therefore, the transform for numbered lithofacies group 6, anhydrite 
cemented carbonates, was used for group 7. The final SSEM permeability (Fig. 16) is similar to the porosity model 
in that it follows the distribution of the lithofacies in the reef and shows a more complex relationship along the reef 
flanks than the LSEM model.  
Table 2. Porosity-to-permeability transforms for SSEM (porosity entered as decimal). 
Description of group Numbered lithofacies Transforms 
Reef 3 Log( k)= -0.1217+0.1698(100* ɸ) 
Deep platform 1 Log( k )= -0.3027+0.1227(100* ɸ) 
Muddy bioherm 2 Log( k )= -0.3264+0.1951(100* ɸ) 
Non-reefal skeletal 4 Log( k )= -0.2441+0.1504(100* ɸ) 
Anhydritic carbonates 6 Log( k )= -0.2342+0.1272(100* ɸ) 
Anhydrite 7 Log( k )= -0.2342+0.1272(100* ɸ) 
 
 
 
Fig. 16. SSEM permeability. Grid cell dimensions are 30 x 30 meters. 
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5. Model Comparisons 
The mean porosity values for the LSEM and SSEM before upscaling are 4.51% and 4.52%, respectively 
(Table 3). The upscaled mean porosity for the LSEM decreased to 3.92%, while the SSEM mean decreased to 
4.49%. The SSEM has less overall smoothing and preserves the values on the high and low end due to the 
lithofacies conditioning used in the model construction. The total pore volume in the upscaled SSEM is 8.9% higher 
than the LSEM (Table 3). Again, the conditioning to lithofacies within the sequences has distributed the thin, high-
porosity zones on the logs further out into the reef and restricted smoothing.  
 
Most of the major differences between the two models generally appear on the reef flanks. The transition off the 
reef top on the SSEM is gradual compared to the LSEM (Fig. 7 and Fig. 15). In the SSEM, higher porosity 
associated with sequences 2 and 3 also transitions from on-reef to off-reef in a continuous manner (Fig. 15), whereas 
the highest porosity values in the LSEM are restricted to the reef core.  
6. Conclusions 
Two SEMs for the Phase III reef were developed to evaluate the effect of increasing geologic detail on the 
reservoir model performance. The LSEM, a relatively simple model, defines the geology on the basis of 
lithostratigraphy. The SSEM provides an alternative conceptualization based on sequence stratigraphic constrained 
lithofacies and requires a significantly greater level of effort and geologic insight. A general modeling workflow 
was established for both modeling approaches that includes construction of standardized porosity and mineralogy 
logs, wireline correlation of regional markers, and construction of final property models.  
 
The LSEM is a relatively homogeneous model where porosity and permeability are distributed evenly within the 
reef. The LSEM can be created independent of regional correlations. The SSEM has more complexity in its property 
distribution patterns and preserves overall higher porosity, permeability, and total pore volume. The SSEM 
incorporates regional correlations to analog wells with whole core, and which have detailed sequence, lithofacies 
and petrophysical analyses. The recognition of regional sequence stratigraphic correlations from cored well to wells 
with only wireline log data is important for modeling a larger number of reefs, since most reefs in the northern reef 
trend have minimal or no core data. Although both SEMs are still in the initial phases of being used in dynamic 
models, we conclude that the sequence-stratigraphic approach allows a closer approximation to porosity and 
permeability distributions observed in cored reefs and that this approach will allow more realistic flow unit 
definition in reefs that contain complex distributions of lithology or diagenetic overprints.  
 
Table 3. LSEM and SSEM comparisons 
Volume statistics 
Model Pore volume (cubic meter) Mean porosity (PU) Mean permeability (mD) 
LSEM total 2.18E+06 4.51 4.23 
LSEM upscaled total 2.14E+06 3.92 3.61 
SSEM total  2.35E+06 4.52 5.48 
SSEM upscaled total  2.30E+06 4.49 5.31 
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